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Abstract: PURPOSE: To enable an antibody to be measured highly sensitively and accurately with freedom 
from an influence by the storage state of a reagent or the like, regarding a measurement system for an 
atibody in a specimen with an immunological method based upon a reagent to use antigen having a sensitive 
thiol group or peptide having action substantially equivalent thereto. 

CONSTITUTION: Regarding an antigen having a sensitive thiol group or a reagent containing peptide 
having action substantially equivalent thereto for immunologically measuring an antibody in a specimen, the 
reagent is made to contain a reducing agent, or the antigen having a solid phase of the sensitive thiol group 
or the reagent containing peptide having action substantially equivalent thereto is treated with the reducing 
agent. The antibody can thereby be measured highly sensitively and accurately without an influence by the 
storage state of the reagent or the like. As a result, the sensitivity of the reagent can be enhanced at the time 
of immunologically measuring the antibody in the specimen. 
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KoJcai No. 74956/19S4 
Kokai Date: March 18, 1994 

Title of the Invention: Reagent for measuring antibody 

Application No. 270S34/1392 
Application Date: August 28, 1992 

Applicant: Dinabotto K. X. 

Abstract 

(Purpose) In a system for measuring an antibody in a 
specimen by an immunological method which uses a reagent of 
an antigen having a sensitive thiol group or of a peptide 
having substantially the same function as the antigen, 
enabling high sensitivity measurement and high precisian 
measurement without influence cf storage condition of the 
peptide raagent. 

(Constitution) In a reagent containing an antigen having a 
sensitive thiol group for inuuunologicaliy measuring an 
antibody "in a specimen or a pep ride having substantially 
the same function as tha antigen, high eencitivity and high 
precision measurement without influence cf storage 
condition of the peptide reagent is enabled by adding a 
reducing agent to the reagent or by treating the reagent 
containing an antigen having a sensitive thiol group which 
is i-rcnc bill ted to a solid phase or a peptide having 
substantially the same function as the antigen with a 
reducing agent. 

(£ff ect ) Tor immunologically measuring an antibody in a 
specimen, the sensitivity of the reagent can be enhanced. 

Scope of Claim for Parent 
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1. A reagent for measuring an antibody containing an 
antigen having a sensitive thiol group for immunologically 
measuring an antibody in a specimen or a peptide having 
substantially the same function a3 the antigen, 
characterized in that a reducing agent is incorporated to 
the reagent or the reagent containing an antigen having the 
sensitive thiol group which is immobilized to a solid phase 
or a peptide having substantially the same function as the 
antigen is treated with a reducing agent, 

2. The reagent for measuring an antibody according to 
claim 1; wherein tha antigen is an KCV antigen or a peptide 
having substantially the same function as the antigen. 

3. The reagent for measuring an antibody according to 
claim 1, wherein the reducing agent is present in a solvent 
for the reaction. 

4 . Tha reagent for measuring an antibody according to 
claim 1, wherein the reagent is an HCV antigen or a peptide 
having substantial iy the same function as the a-tigsr. which 
is immobilized to a carrier, and is treated with a reducing 
agent . 

5. The reagent for measuring an antibody according to 
claim 2 or 4, wherein the antigen is the NS3 region of the 
non-structural region of an HCV genome. 

6. Tha reagent for measuring an antibody according to 
'claim 5, wherein the antigen is an expression product 
obtained by a genetic recombinant technology. 
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7. The reagent far measuring an antibcdy according to 
claim 5, wherein the antigen is a synthetic peptide. 

5. The reagent for measuring an antibody according to 
claim 1 , wherein the reagent contains a carrier which is a 
bead, tube, plate, red blood cell cr latex particle. 

9. The reagent for measuring an antibody according to 
claims 1 to 8, wherein the reducing agent is an antioxidant 
for the thiol group. 

10. The reagent for measuring an antibcdy according to 
claims 1 to 8,. wherein the reducing agent is at least one 
selected from the group consisting of dithiothreitol, 
dithioerythritol, thioglycollic acid, cysteine, glutathione, 
2-mercaptoethsnol, 2-mercaptoethylami.ne and their mixtures. 

Detailed Description ot the Invention 
{Field of Application in Industry) 

The present invention relates to a reagent for 
measuring an antibody, particularly to a reagent for 
measuring an antibody containing an antigen having a 
sensitive thiol group for immunologically measuring an 
antibcdy in a specimen or a peptide having substantially 
the same function ds the antigen, which enables high 
sensitivity measurement and high precision measurement of 
an antibcdy without being influenced by storage condition 
of the peptide reagent. Specifically, the present 
invention relates to a reagent for measuring an antibcdy ■ 
against hepatitis C virus (HCV) , particularly to a reagent 
for immunologically measuring an ant i- HCV antibcdy in a 
specimen with a high sensitivity and higher accuracy. 
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(Prior Art) 

As a means fox diagnosing infection of hepatitis C 
virus (HCV) , an anti-HCV antibody assay system which usee 
C100-3 antigen encoded by NS3 and NS4 regions cf non- 
structural region cf HCV genome was developed by Chiron 
Corp. cf the United States in 1989. In 1991, an anti-HCV 
antibody assay system which was improved in the sensitivity 
and detection rate was developed by using a core antigen 
and 33C antigen encoded by the core region of the 
structural region on HCV genome and the NS3 region not 
overlapping with the CI 00-3 antigen. As the assay method 
for such anti-HCV antibodies, the coagulation method 
utilizing red blood cell or latex particles as a carrier 
• for immobilizing antigen, the ircraunoir.etric method utilising 
a bead, tube, or plate as a carrier for immobilizing 
antigen or the like axe applied. However, these methods 
involve seme problems that: sensitivity of measurement can 
not be achieved sufficiently as the activity of antibody in 
a reaction solution rapidly decreases during the process of 
immobilizing the antigen to the carrier or the storage of 
the prepared reagent, which results in insufficient 
antigen-antibody reacLicn, and also that the 
reproducibility of the sensitivity deteriorates as- the 
activity of the antigen chances with the lapse of time. As 
described above, in cases of reagents which use some kinds 
of antigens, there were problems that sufficient 
sensitivity of measurement can not be achieved a3 the 
activity of antibody in a reaction, solution rapidly 
decreases during the storage of the prepared reagent, which 
results in insufficient antigen-antibody reaction, and also 
that the reproducibility of the sensitivity deteriorates as 
the activity of the antigen changes with the lapse of time. 
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(Problem to be solved by the inversion} 

The present inventors mads intensive studies with a 
view to solving the problem of the sensitivity of the 
conventional HCV antibody assay system, and as a result, 
they elucidated that the problem of poor sensitivity was 
•caused by disulfide bond formation which occurs due to the 
fact that cysteine contained in an HCV antigen, 
particularly in a protein encoded by NS3 region on an HCV 
genome is automatically oxidized. Based on this finding, 
the present inventors found that addition of a reducing 
agent, particularly a thiol protecting agent to the HCV 
assay system prevents the decrease' in the sensitivity of 
the HCV antibody assay system, and such treatment with a 
reducing agent does not cause any harmful influence on the 
system. From this finding, the present inventors 
considered that a reducing agent, particularly a thiol 
protecting reagent can be also added to an antibody assay 
system in a specimen by an immunological method utilizing a 
reagent of .an antigen having sensitive thiol or peptide 
having substantially the same action as the antigen to 
prevent decrease in the sensitivity without any harmful 
influence, and they accomplished the present invention. 

(Means for solving the problem) 

The present invention relates to a reagent for 
measuring an antibody containing an antigen having a 
sensitive thiol group for immunologically measuring an 
antibody in a specimen or a peptide having substantially 
the same funcLion, which is characterised in that a 
reducing agent is incorporated tc the reagent or the 
reagent containing an antigen having a sensitive thiol 
group which is immobilized to a solid phase is treated with 
a reducing agent so as. to improve the sensitivity and/or 
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increase reliability of the measurement. In particular, 
the present invention relates tc a reagent for 
immunologically measuring an anti-KCV antibody in a 
specimen, which ia characterized in that a reducing .agent 
is incorporated to the reagent containing an HCV antigen or 
a peptide having substantially the. same function as the 
antigen or treating the HCV antigen or a peptide having 
substantially the same function which is immobilized to a 
carrier, with a reducing agent so as to improve the 
sensitivity and/or increase reliability of the measurement. 
As a specimen* which can be used in the present invention, 
any specimen from living body containing the antibody of 
interest may he used, and a body fluid or tissue fluid such 
as blood, serun, sperm, spinal fluid, lymph, phlegm, tear, 
sputum, milfc, leukocyte, mucus from digestive organs, urine 
and the like can be exemplified, Further, in vitro cell 
culture liquids, etc. are also included. However, the 
specimen is not limited thereto. 

In the preparation of a reagent for immunologically 
measuring a specific antibody in a specinen by coagulation 
reaction using a a eaii Li z ad cczrlti'c in which raicrcparticie 

carrier, sue- as rsd blood call or latex particle is 
sensitized with an antigen having a sensitive thiol group 
or a peptide having substantially the same function, the 
present invention 'is achieved by sensitizing the carrier 
with the antigen, dispersing the Chus sensitized carrier in 
a buffer solution containing a reducing agent, and 
lyophilizing the buffer solution containing the sensitised 
carrier. In particular, the present invention comprises 
the steps of sensitizing a carrier with the HCV antigen, 
dispersing the thus sensitised carrier in a buffer solution 
containing a reducing agent, and lyothilizing the buffer 



- 6 - 



?S0M TAPIC • .2000$ 9^I8aifl) 1 ..49/ai3:4fi/W948027«439 P 



solution containing the sensitized carrier in the 
preparation of a reagent for immunologically measuring an 
anti-HCV antibody in a specimen by coagulation reaction 
using a sensitized carrier in which micrcparticle carrier, 
such as red blood cell or latex particle is sensitized with 
an HCV antigen. A reducing agent which can be used may be 
a xeagenr known as a thiol protecting agent. Such a 
reducing agent is preferably an antioxidant for a thiol 
group, such as at least one selected from the group 
consisting of dithiothreitol, dithioerythritol, 
thioglycollic 'acid, cysteine, glutathione, 2- 
mercaptoethanol, 2-mercaptoethylamine and their mixtures, 
Dithiothreitol, glutathione, and 2-mercaptoethanol are 
particularly preferred. 



As a microparticle carrier, any carriers widely known 
as a micrcparticle carrier, such as those made from natural 
or synthetic polymers like synthetic resins or 
nitrocellulose, as well as latex particle or red blood cell 
can be used. According to the present invention/ the above 
reducing agent may be added to the buffer solution used 
during suspending Lh* sensitized carrier for ^uayulaUion 
reaction. In addition, the present: invention may be 
achieved, in preparing a reagent for immune logically 
measuring a specific antibody in a specimen by using an 
Immobilized antigen obtained by imncbilizing an antigen 
having a sensitive thiol group or a peptide having 
substantially the same function fee an insoluble carrier, 
for enzyme immunoassay (£IA) , radio Immunoassay (RIA), or 
fluorescence immunoassay (fc'XA) , by izmnofciiizing an antigen 
having a sensitive thiol group or a peptide having 
substantially the same function to an insoluble carrier, 
then dipping a solid phase carrying the immobilized antigen 
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in a buffer solution containing the reducing agent or a 
mixtura thereof, and subsequently crying the solid phase. 
In particular, the present invention may be achieved, in 
preparing a reagant for imuno logically measurinq an anti- 
KCV antibody in a specimen by using an immobilised antigen 
obtained by immobilizing an HCV antigen to an insoluble 
carrier, for enzyme Immunoassay {ZIA) , radio immunoassay 
<RIA) , or fluorescence immunoassay ( FX A) r by immobilizing 
an HCV antigen to an insoluble carrier, then dipping a 
solid phase carrying the immobilized antigen in a buffer 
solution containing the above-described reducing agent or a 
mixture thereof, and subsequently drying the solid phase. 

As the reducing agent to be used here, there may be 
mentioned those known as a thiol protecting agent like 
those described above. According to the present invention, 
the above reducing agent or mixture thereof may be added to 
a reaction solution used during the reaction of a solid 
phase carrying the immobilized antigen with the specific 
antibody in a -specimen. As an insoluble carrier which can 
be used fcr this purpose, any solid phase carrier widely 
Known can be exemplified such as chose in the rcrrr. or 
particle, membrane, bead, tube and plate made from natural 
or synthetic polymers such 33 nitrocellulose, polymeric 
amino acids , polysaccharides, or glass, For immobilization 
to a solid phase, -there may be mentioned a physical 
adsorption method, chemical binding method in which a 
binder is employed, and the like. Chemical binders can be 
selected from those known to a person skilled in the art, 
such as activated esters of 6-male-imidecaproic acid, 2- 
bromcacetic acid, 2-iodcacetic acid and succinic acid, 
activated esters cf triaiine, estsr derivatives of sulfonic 
acid and the like, but they are not limited to these. 
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As an antigen used in the present invention, it can be 
exemplified as an antigen having a- sensitive thiol group or 
a peptide having substantially the same function as the 
antigen. Here, the sensitive thiol group means the one in 
cysteine contained in proteins or peptides, which thiol 
group is sensitive to natural or artificial oxidization 
under usual condition and greatly influences on the 
activity of the antigen. The activity of the antigen means 
the ability of performing a specific antigen-antibody 
reaction, in particular the activity of a specific antigen 
which reacts Immunol oqically with a specific antigen in a 
specimen. The antigen used in the present invention may be 
.any one, without particular restriction, including a 
recombinant antigen as an expression product of a genetic 
engineering method or any of synthetic peptide, as long a3 
it has a sensitive thiol group. In the present invention, 
the antigen to be treatac with a reducing agent is not 
intended to be included in the antigens having a thiol 
group of cysteine or disulfide bond derived therefrom which 
have no influence on the activity of the antigen. In 
particular, the HCV antigen used in. the present invention 
may be a recombinant HCV antigen prepared as an expression 
product obtained by the genetic engineering method, or an 
HCV- antigenic peptide as a synthetic peptide. A preferred 
HCV antigen used in the present invention is that 
corresponds to the NS3 region of the non-structural region 
on the HCV genome . 

(Examples) 

The present invention will he described below mere 
specifically by way of Examples. 
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Example 1: Influence of addition cf DTT on tne sensitized 
blood cell 

After washing an immobilized human red blood cell with 
a phosphate buffer {pH 7.4) three times, it was suspended 
in an acetic buffer of pK 5.7 at a concentration of 1% by 
volume, and to the resulting suspension was added a 
purified I1CV antigen (core antigen, 33C antigen and C100 
antigen) prepared by genetic engineering to a final 
concentration of 6 ug/ml. After the resulting mixture was 
stirred at room temperature for 1 hour, it was washed with 
a phosphate buffer (pK 7.4) three times , then lyophilized 
in a phosphata buffer (pH 7.4) containing 7.5% saccharose 
to obtain an HCV sensitized red blood cell. The RCV 
sensitized red blood cell thus obtained was resuspended in 
a tris-HCl buffer containing 2 mM dithiothreitoi ( DTT) and 
in a tris-HCl buffer containing no DTT as a control in the 
concentration of 1% by volume, and sensitivities were 
compared. For the comparison of the sensitivities, 
sequential dilutions of KCV antibody positive human serum 
with an antibody negative serum was used as a ' sensitivity 
monitoring serum. Into each well of a microliter plate, 25 
ul of phosphate buffer {pK 7.4), 25 ul of the serum for 
sensitivity monitoring of each concentration, and further 
25 ul of the sensitized blood ceil were added, and the 
mixtures were stirred for 30 seconds and left • to atand an 
room temperature f.cr an hour. Then, the influence on the 
sensitized bicod cell was evaluated visually. 
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Table 1 

Sensitized biocd ceil suspension 
Presence of DTI Absence a* CTT 

Dilution, or serum ■ 
for sensitivity monitoring 

Serum A 
x i 
x 2 
x 4 
x 8 
x 16 
x 32 
X 64 
Serum B 
x 1 
x 2 
x 4 

x a 
x is 

X 32 
X 64 

(t; positive, -: negative) 

From the result shown in Table i, it was found that in 
the case where the sensitized blood oell was resuspended in 
a buffer containing DTT, the sensitirity was improved. 

Example 2: Influence of addition of 2ME cn the sensitized 
biocd cell 

The sensitized blood ceil prepared in the same mariner 
as in Example i was resuspended in a tris-KCl buffer CpH 
7.3) containing 4 0 mM of 2-merr.aptoethanoi at a 
concentration of 1% by volume, and for stability during 



+ 
+ 



+ 



+ 
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storage after suspension, a tris-HCl buffer containing no 
2-ME was used as a control for comparison. After 
dissolving, it was stored at 2 to 8 9 C and the comparison o- 
sensitivity of the sensitized blood cells was performed in 
the same manner . as E-xamole 1. 



Table 2 



Storage period 
at 2-3°C (day) 



Sensitized blood cell suspension 
Presence of 2-ME Absence of 2-ME 



14 



14 



Dilution of serum far 
sensitivity monitoring 

Serum A 



X 1 


T 


+ 




+ 


T 




x 2 


+ 


+ 


4- 


+ 


4- 




x 4 


4. 


4* 


T 








x 3 


+ 


+. 


+ 


+ 






x 16 














x 32 














x 64 














serum B 














X 1 


-L 






T 


T 


-L 


x 2 


+ 


r 


+ 


+ 


+ 




x 4 




j. 


4- 


+ 






x 8 




-r 


+ 








x 16 














x 32 














x 64 














[ + : positive, 


: nega 


tive) 










From the r-sulu 


shown 


in Tab is 


2, 


it was 


ccnfi 


rmed 



that the stability of sensitized blood cell during storage 

- 12 - 



FROM TA?IC 2000? mSHn)i. jQ/St3:«/8^302740439 P 16 



was improved by the addition of 2 -ME. 

Example 3: Infiuer.es of addition of glutathione on the 
sensitized biocd ceil 

The sensitized blood ceil prepared in the same manner 
as in Example 1 was lyophilized in a phosphate buffer 
containing 7.5% saccharose to which glutathione (GSH) was 
added to a final concentration of 4 0 mM to obtain a 
sensitized biocd cell. The sensitized blood cell was 
lyophilized in a buffer containing, no GSK to obtain a 
control sensitized blood cell. The sensitized blood ceil 
and the control sensitized blood cell. were suspended in a 
tris-HCL buffer CpK 7.3) at the concentration of 1% by. 
volume respectively, and stability during storage after 
suspension at room temperature was compared with respect to 
the sensitivity. The comparison of sensitivity was 
performed in the saaxe manner as Example 1. 



- 13 - 



FROM TAPiC 



2000* M!3a(g)i..jO/B13:46/jafi4802740439 ? 17 



1* able 3 



+ 



Storage period P^.^nrp nf Ah^^r» of gsg 

at room temp, (day) 0 12 0 12 

Dilution of serum for 
sensitivity monitoring 

Serum A, 

x 1 + + + + 

x 2 + + + + 

x 4 + + + + 

x 8 + + + + 

x 16 - 

x 32 - 

X 64 - 
Serum 3 

x 1 + + + + 

x -2 + + + + 

x 4 + + + + 

x 8 + + ' + ■ + 

x 16 - 

X 32 - 

x 64 - 



+ 

+ 



£+: positive, -: negative}' 

From the results shown" in Table 3, it was confirmee 
that the sensitized blood call lyophiiizsd with the 
addition of GSH wa3 stable- after suspension. 

Example 4: Influence of addition or 2-ME addition on tile 
immobilized antigen 

Polystyrene beads cf 1/4 inches were added to a 
phosphate buffer (pH 7.4) containing 7.5% saccharose and 
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the HCV antigen used in Example 1 was added to a final 
concentration of 10 ul/mi. The mixture was left to 3tand 
at 37 °C for 1 hour, washed with a phosphate buffer (pK 7.4) 
three times, further dipped in a phosphate buffer- (pH 7.4) 
containing 7.5% saccharose, and dried to obtain an HCV 
antigen immobilized bead. One of the KCV antigen 
immobilized beads was placed on a tray of wide well to 
which 200 ul of tris-KCl buffer <pH 7.S) containing 20 mM 
2-ME was added as a reaction buffer. After the tray was 
left to stand at room temperature for 1 hour, 10 jil of the 
serum for monitoring sensitivity was added thereto and tha 
reaction was continued at 37 °C for 1 hcur. After the 
reaction was completed, the reaction mixture was washed 
with a physiological saline solution three time3, and 200 
jil of peroxidase-labeled anti-human immunoglobulin was 
added to effect reaction at 21°C for 30 minutes. After 
completion of the reaction, the mixture was washed with a 
physiological saline solution three times, and then 1 ml of 
a substrate solution containing orthorethylenediamine and 
hydrogen peroxide was added thereto. After reaction was 
carried out at room temperature for 30 minutes, the mixture 
was determined by measuring absorbance at 49Q nm. As a 
control, a tris-HCl buffer containing no 2-ME was used as a 
reaction buffer end the analogous procedures were repeated 
for evaluation. 
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Table 4 

















2k r^L ^ A A f*\ ^ 


2 -ME 




Absorbance 






Eva- 






luati 


on 


luation 


Dilution of sertan for 








sensitivity moni 


toring 








. Serum A 










x 1 


1.32 




0.69 




x 2 


1.44 


+ _ 


0.45 


- 


X 4 


0.96 


+ 


0.32 




x 8 


0.56 




0*26 




Serum B 










x 1 


1.29 


+ 


1.31 


+ 


x 2 


0.93 




0.73 


T 


x 4 


0.59 


+ 


0.47 




x 8 


0.3R 




0.30 




x 16 


0.25 




0.2S 




(+; positive, 


negative) 







From the results shown in Table 4, it was observed 
that the sensitivity was improved by the addition of 2 -ME 
to the reaction buffer. 

Example 5: Influence brought abou- by zhe addition of 2 -M~ 
The HCV antigen-sensitized blood cell prepared in the 
same manner as in Example 1 was suspended in a tris-HCl 
buffer {pH 7.3). After the resulting suspension was left 
to stand at 2 to 3°c for 2 weeks, the sensitivity of the 
sensitized bleed cell was measured against three specimens 
containing anti-core (core region of HCV) , anti-33C (NS3 
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region of KCV} and ar.ci-ClOO (NS3-NS4 region cf HCV) 
antibodies, respectively as the ar.wi-KCV antibody positive 
specimen, and was discussed in the same manner as in 
Example 1. To the suspension was added 40 icM of 2-ME, and 
the sensitivity was measured in the same manner. 

Table 5 

Sensitized blood ceil Sensitised blood cell 
in which 2-ME was in which 2-ME was not 

added to the added to the suspension 

suspension 



Dilution of specimen 
Anti-C33 ancibody 



x 128 r + 

x 256 + + 

x 512 + 

x 1024 + 

x 2048 + 

x 4096 + 

x 8192 - 

(+; FesiuiTe, -: negative) 



From the result, the sensitivity, which was decreased 
after leaving to stand for 2 weeks, was observed to have 
been recovered by the addition of" 2-ME with respect to 33C 
antigen encoded by MS 3 region on the HCV genome. 

(Effect of the Invention) 

In a reagent containing an antigen having a sensilive 
thiol group or a peptide having substantially the same 
function as the antigen, the sensitivity of the reagent for 
ijsamncl ogicaiiy measuring an antibody in a specimen can be 
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improved by adding a reducing agent to the reagent or by 
treating the reagent immobilized onto a solid phase with n 
reducing agent. 0 



